I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

*T*he platelets are best known for their importance in clotting blood. However, platelets also contain hundreds of proteins called growth factors which are very important in the healing of injuries. First, the platelets were used for therapeutic purpose in transfusion medicine, wherein the platelet concentrates were originally used for the treatment and prevention of hemorrhage due to severe thrombopenia, which is often caused by medullar aplasia, acute leukemia, or significant blood loss during long-lasting surgery. The standard platelet concentrate for transfusion has been named plate-rich plasma (PRP) which classically contains 0.5 × 10^11^ platelets per unit.\[[@ref1][@ref2]\] PRP is plasma with many more platelets than what is typically found in blood. The concentration of platelets and thereby the concentration of growth factors can be 5--10 times greater (or richer) than usual. To develop a PRP preparation, blood must first be drawn from a patient. The platelets are separated from other blood cells, and their concentration is increased during a process called centrifugation. Then, the increased concentration of platelets when combined with the remaining blood will have a greater concentration of growth factors than whole blood.\[[@ref1]\] This product is being used to encourage a brisk healing response in the surgical wounds across several specialties in particular dentistry, orthopedics, and dermatology.\[[@ref3][@ref4]\] As a concentrated source of blood plasma and autologous conditioned plasma, PRP contains several different growth factors and cytokines which can stimulate the effective healling of both soft and hard tissues. Although blood is mainly a liquid called plasma, it also contains small solid components red cells, white cells, and platelets which have been found to play a critical role in wound healing and hemostasis as well as in repairing the bone fracture.\[[@ref2][@ref5]\]

This review will highlight the innate properties of platelets including wound healing and bone remodeling as well as a brief description about the various therapeutic applications in other fields. This review is an attempt to summarize the research work updated by Dr. Anitua Eduardo since 2000 till 2016.

S[EARCH STRATEGY]{.smallcaps} {#sec2-1}
-----------------------------

The methodology to update this review was based on secondary research involving library referencing from the year 2000 to 2017, through online search using keywords such as platelets, platelet concentrates, PRP, wound healing, bone remodeling, and angiogenesis.

D[ISCUSSION]{.smallcaps} {#sec1-2}
========================

R[OLE OF PLATELETS IN WOUND HEALING]{.smallcaps} {#sec2-2}
------------------------------------------------

Platelets and macrophages are thought to be dominant regulatory cells in wound healing.\[[@ref6][@ref7]\] Activated platelets release locally acting growth factors that initiate division and migration of fibroblasts and formation of new capillaries. Wound healing has been found to be under the control of two processes, angiogenesis and collagen synthesis, which are the expected immediate host\'s reaction to any tissue injury. The normal wound healing process involves the activated fibroblasts at the wound healing site to divide and produce collagen along with intense capillary proliferation to provide nutrients for the increased cellular activity. Although the exact signaling mechanism still remains elusive, it is debated that the coagulation product itself would enhance the further coagulation. Platelets activated by thrombin release a mitogen (platelet-derived growth factor \[PDGF\]) for fibroblasts and smooth muscle cells (SMCs) and stimulate increased collagen synthesis by smooth muscle although the neutrophils are the predominant inflammatory cell in the traumatic central dead space of the wound from the 1^st^ to 3^rd^ day following injury. However, macrophages gradually replace the neutrophils 3--4 days after wounding and remain in the central dead space of the wound until repair is complete. Macrophages produce growth factors that stimulate neovascularization, fibroblast proliferation, and migration. It was Matras in 1972 who had first used platelets as sealants to promote homeostasis for surgical procedures. He also had demonstrated the importance of fibrin in reuniting human nerves with the aid of concentrated levels of fibrinogen and factor XIII. Gibble *et al*. in 1990, provided the initial evidence for the potentiality of this approach, and years later, Marx *et al*. using the technique of gradient density centrifugation produced PRP with the aim of enhancing the functionality of the bone grafts.\[[@ref6][@ref7]\] The autologous platelet products have high therapeutic potential and therefore can be used in various formulations and in various fields of medicine and tissue engineering. Several key biological factors have been found in PRP which are directly involved in tissue repair including insulin-like growth factor type I (IGF-I), Transforming Growth Factor Beta 1, PDGF, hepatocyte growth factor, vascular endothelial growth factor (VEGF), and basic fibroblastic growth factor among others.\[[@ref8][@ref9]\] PRP contributes to hemostasis by preventing blood loss at sites of vascular injury as they contain a large number of growth factors and cytokines that have a key role in bone regeneration and soft tissue maturation. In the past two decades, an increased understanding of the physiologic roles of platelets in wound healing after tissue injury has led to the idea of using platelets as therapeutic tools. Platelet concentrate is activated by way of thrombin generation with calcium which is a three-dimensional and biocompatible fibrin scaffold resulting in progressive release of a myriad of growth factors and proteins to the local environment thus contributing to the accelerated postoperative wound healing and tissue repair \[[Figure 1](#F1){ref-type="fig"}\]. Eventually, autologous PRP as a novel therapeutic alternative has opened up new avenues in other fields including orthopedics, sport medicine, dentistry, periodontal surgery and plastic and maxillofacial surgery, where it creates biological safe environment for an effective and rapid wound healing and tissue repair or regeneration.\[[@ref8][@ref9]\]

![Mechanism of wound healing](JISPCD-7-55-g001){#F1}

### Molecular control and signaling involved in wound healing process {#sec3-1}

As a result of hemostatic response to an external injury, restoration of the integrity of the vascular wall takes place which involves orchestrated proliferation and migration of SMCs, fibroblasts, and endothelial cells for which platelets, growth factors, and chemokines are known to contribute to regulate these processes. The migration and proliferation of SMCs in both the arterial and venous circulation is found to be regulated by PDGF which contributes effectively during hemostasis and tissue healing. Another important mediator in healing and remodeling is platelet-derived stromal cell-derived factor 1α (SDF-1α) which mediates CD34^+^ bone marrow-derived progenitor cells to the injury site and promote their differentiation into endothelial progenitor cells.\[[@ref9]\] Since inhibition of SDF-1α binding to its receptor CXCR4 was shown to retard diabetic wound healing in experimental models by impairing cellular migration while concomitantly prolonging the inflammatory response supports the role of SDF-1α in tissue healing. In addition to angiogenic factors, platelets also store and secrete a number of tumor necrosis factor-α-related apoptosis regulators such as CD95, Apo2-L, and Apo3-L which can bring about apoptosis in other circulating cells as well as in antiapoptotic molecules.\[[@ref10]\] Thus, the balance between proapoptotic and antiapoptotic molecules adequately promoting survival or eliminating the cells from the wound site is also crucial for regulation of wound healing. It can therefore be concluded that an in-depth understanding of platelets and their secretions in wound healing and tissue regeneration has led to applications of platelets in multiple fields especially in trauma management \[[Table 1](#T1){ref-type="table"}\].

###### 

Platelet protein classification and their biological role\[[@ref1]\]

![](JISPCD-7-55-g002)

R[OLE OF PLATELETS IN BONE REMODELING]{.smallcaps} {#sec2-3}
--------------------------------------------------

The effects of platelets on bone can be viewed within the frames of bone formation and resorption. Platelets act in both the processes. In acute conditions such as bone fractures, fracture site is surrounded by activated platelets and their aggregates. Degranulation of activated platelets leads to the release of several growth factors (e.g., PDGF, VEGF, IGF-1, IGF-2, EGF, and TGF-B).\[[@ref11]\] Degranulation of activated platelets leads to the release of several growth factors (e.g; PDGF, VEGF, IGF-1, IGF-2, EGF and TGF-B), all contributing to the recruitment of osteogenic cells after tissue injury. Platelets release also contains mediators, which may be involved in the bone remodeling (e.g., thromboxane A2 and prostaglandins). The supportive effect of platelets on bone formation was reported in several *in vitro* and clinical studies where it is been reported that PDGFs promote bone formation by influencing cell proliferation, chemotaxis differentiation, and extracellular matrix synthesis. Some *in vitro* studies confirmed the contribution of platelets in osteoclastogenesis and bone resorption, but no exact mechanism has been proposed yet. The multidimensional effect of the platelet on bone resorption and bone formation represent a dilemma, as on the one side, there are growth factors enhancing bone formation such as PGDF; on the other side, there are EGF and TGF-B which are more likely to enhance the bone resorption. It is therefore concluded that platelets\' effect on the bone is complicated because of the complex interactions between growth factors, inflammatory mediators, and cytokines. In fact, the main effect depends on the specific endothelial gene expression of osteogenesis and osteoclastogenesis. To be successful in bone regeneration and improving damaged bone healing, any substitute should be biologically compatible, nontoxic, and should provide scaffolding for angiogenesis \[[Table 2](#T2){ref-type="table"}\].\[[@ref12]\]

###### 

Components of platelets release and their possible effect on bone\[[@ref12]\]
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R[OLE OF PLATELETS AS BACTERIOSTATIC AGENTS]{.smallcaps} {#sec2-4}
--------------------------------------------------------

As it is learnt that growth factors are essentially involved in the regeneration process and are found to be helpful in stimulating cell proliferation (mitosis), cellular migration (chemotaxis), differentiation (morphogenic effect), angiogenesis, and the combination of several of these effects during the tissue regeneration period. In addition to their effective control over angiogenesis and proliferation, another important property of platelets is the bacteriostatic effect. This effect has been observed against *Staphylococcus aureus* and *Escherichia coli* bacteria,\[[@ref7]\] *Porphyromonas Gingivalis*, and *Actinobacillus actinomycetemcomitans*.\[[@ref13]\]

A[PPLICATIONS OF PLATELET CONCENTRATES IN ORAL AND MAXILLOFACIAL SURGERY]{.smallcaps} {#sec2-5}
-------------------------------------------------------------------------------------

The clinical use of PRP may enable patients to achieve satisfactory wound healing involving both the hard and soft tissues with shorter recovery times, reduced levels of postoperative infection, edema, ecchymosis, and blood loss \[[Table 3](#T3){ref-type="table"}\].

###### 

Applications of platelets concentrates in oral and maxillofacial surgery\[[@ref14][@ref15][@ref16][@ref17][@ref18][@ref19]\]

![](JISPCD-7-55-g004)

N[OVEL COMBINATIONS AND NEW APPLICATIONS OF PLATELET CONCENTRATES (PLATE-RICH PLASMA)]{.smallcaps} {#sec2-6}
--------------------------------------------------------------------------------------------------

The roles played by platelets and growth factors have contributed immensely toward understanding their effectiveness in angiogenesis, chemotaxis, and cell proliferation. They are also found to be involved in controlling the synthesis and degradation of extracellular matrix and proteins by binding to the extracellular domain of a target growth factor receptor which in turn activates the intracellular translocation pathways. These findings support the use of different growth factors and cytokines as therapeutic molecules for the repair regeneration of a wide range of tissues \[[Table 4](#T4){ref-type="table"}\].

###### 

Different therapeutic applications using platelets concentrates\[[@ref6][@ref7]\]

![](JISPCD-7-55-g005)

### Platelets in combination with bone implants to facilitate the anchorage of the dental prosthesis {#sec3-2}

studies have investigated that titanium implants when coated with PDGFs before insertion into the host tissues resulted in improved quality of the bone around the implant. This resulted in sufficient osseointegration of the implant and their subsequent longevity which is attributed to the release of considerable growth factors and proteins including TGF-B1, PDGF, IGF, bone sialoproteins, thrombospondin, and osteonectin. Tissue-engineered bone regeneration showed strong correlation between osseointegration and injectable bone comprising of PRP with autogenous bone and mesenchymal stem cells (MSCs) when injected into the implant sites before installation of implant.\[[@ref11]\]

### Platelets concentrate for repair of the soft connective tissue {#sec3-3}

Both *in vivo* and *in vitro* studies have confirmed that these platelet-rich matrices are safe and effective in accelerating the tendon cell proliferation, stimulating the synthesis of type I collagen and promote neovascularization.\[[@ref11]\]

### Platelets concentrate for cosmetic surgery {#sec3-4}

Since the esthetic concerns have raised globally, the application of platelets and their concentrates are being used especially for the soft tissue and bony reconstructions encountered in facial plastic and reconstructive surgery. In these applications, their use has been associated with a decrease in operative time, necessity for drains and pressure dressings, and incidence of complications. Besides, its use is also documented in hair growth therapy where it promotes new hair follicles and strengthens the existing ones.\[[@ref20]\]

### Platelets concentrate in alveolar cleft {#sec3-5}

It has been found that in combination with allografts and xenografts, these concentrates have demonstrated effective bone remodeling which is contributed by the wound healing and angiogenic property. This combination in future could possibly become an alternative for autogenous bone graft which requires an additional surgery and carries the risk of donor-side morbidity.\[[@ref5]\]

### Combination of mesenchymal stem cell and plate-rich plasma {#sec3-6}

Combination of MSC and PRP was found to shorten the treatment time during distraction osteogenesis when injected at the surgical site consolidation phase by accelerating the bone regeneration safely and effectively.\[[@ref21]\]

### Platelets concentrate in combination with different bone matrices {#sec3-7}

There are several reviews and research studies where the use of allograft and xenograft has been suggested along with platelet concentrates which would give support to the matrix and its adaptation to the injured tissue. All needed is a suitable blood supply during the repair as the inadequate blood supply would result in decreased bone volume.\[[@ref22]\]

C[ONCLUSION]{.smallcaps} {#sec1-3}
========================

Since PRP is a vehicle of mitogenic and chemotactic cytokines and growth factors, it shows to possess beneficial effects for several clinical applications and makes its use more attractive. The quintessential aim of using plasma rich in growth factors is based on the facts that such growth factors booster system will increase the local concentration of growth factors, thereby provide an effective cell-based fibrin scaffold activating the endogenous tissue regeneration mechanism and its intricate nature. However, quest of intense research is always encouraged to understand the intricacies of molecular mechanisms which control different biological cascades to explore novel therapeutic applications of platelets- and plasma-based technologies. The ability to understand all these challenges and pathways played by platelets and their concentrates will definitely avoid any ambiguity surrounding its clinical and therapeutic applicability so that its therapeutic benefits are extended worldwide for better treatment results.
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